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Abstract 
Laboratory Management is one of the essential elements in engineering and technical education. Quality of engineering education 
programme is always assessed both in teaching and learning in the classroom as well as laboratory activities and management 
besides other related activities such as internship. This paper discusses the development of a framework to assist in designing an 
intelligent laboratory (I-Lab) in order to provide quality practices using Delphi method. Views from fifteen experts are analyzed 
to obtain consensus using descriptive statistics. Four themes and thirteen subthemes were obtained which will be used in the 
development of the Intelligent Laboratory. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Engineering Education is one of the education branches that is important globally and being prioritized in the 
Malaysian education system. This can be seen clearly with the offering of various programmes by the Public 
Institutions of Higher Learning and Private Institutions of Higher Learning. Polytechnic is one of the Public Institute 
of Higher Education that offer Advance Diplomas, Diplomas and Certificates in technical, commercial and 
hospitality. It vision is to produce semi-skilled workers for industries in this country. The main focus of Engineering 
Education is on problem solving aspect and skills in terms of technical component, system and experiment. It 
involves teaching and learning in the classroom and laboratory. Job-oriented education system can be seen in the 
curriculum and education structure, as early as in the secondary school level. Academic and technical streams as 
well as vocational education for semi-skills workers have been established to prepare youth with basic job. 
Meanwhile education at college and university level is more specialized and advance which enable youth to be 
qualified as a professional. 
Laboratory is a control space to carry out practical work. In planning the management of the engineering 
laboratory, there should be a strong foundation and plan to be properly managed. Trainers should plan teaching 
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activities that are appropriate to the level of learning and facilities involved. Laboratory program should be in line 
with the syllabus of the curriculum. Good planning in the lab will enable students to understand the relationship 
between the theories learned in the classroom and practical work done in the laboratory. A good continuous 
interaction between the administrators of a laboratory with a lecturer who teaches in the laboratory will allow 
students to properly experience practical work as planned.  
Technical fields offered by the polytechnics require lecturer to have competence in certain areas. Daniel (1999) 
stated that laboratory instruction is a critical component in secondary science curriculum and in higher education. 
This is important in obtaining a quality teaching and learning in engineering. In technical and engineering program, 
practical work in laboratory is also part of continuous evaluation of the course. Consequently, several aspects need 
to be assessed from the lecturers perspective for example the teaching and learning processes as to provide a 
smoothly run laboratory. Other related aspects are the handling of laboratory equipment, laboratory safety, 
evaluation and management and laboratory maintenance.   
2. Problem formulation 
According to Ahmad Fauzi (2005) the study of physical resources of Institution of higher learning is not a well 
researched subject, therefore information related to this is difficult to be retrieved in spite of the institutions roles in 
nurturing human resources for economic activity of the nation. Size of the resource inventory, the cost of preparing, 
operating and maintenance as well as technical complexities faced are increasing rapidly. Consequently, these 
physical resources are the largest proportion of non-academic functions in the higher learning institution. 
Along with the mission of the polytechnics in producing quality graduates and technical skills, laboratory 
management should be systematic and well planned in order to ensure that lab operation as well as teaching and 
learning activity effectively and efficiently run. The study on satisfaction of internal customers (staff) of one of the 
polytechnic  in  the  year  of  2006  to  2008  for  laboratory  and  workshop  facilities,  shown  low  mean  score  in  the  
equipment item and the need for adequate practical, laboratory equipment and requirements for fully operation, and 
laboratory and workshop environment. The report of Management Review Meeting, for the year 2008 revealed that 
the low-and moderate percentage of agreement in the following aspects:  
x Laboratory equipment is not functioning properly  
x Insufficient laboratory equipment  
x Laboratory environment is not conducive for teaching and learning  
x Laboratory and workshop safety were less satisfactory  
According to M. Armstrong (1999) which stated that there are four management steps to be followed so that the 
target can be best implemented and using effective resources. The processes involved are as the followings: 
x Planning: decide what to do to achieve   goals  
x Organization: to provide the needs and human resources to be handled  
x Motivation: motivate people to work together smoothly and take part  
x Controlling: measuring and monitoring the progress of the carried out operation. 
 
This suggests that there are elements that can be improved in ensuring proper management of laboratory quality. 
Excellency in engineering laboratory has been identified by the quality of services and provision of equipment to 
meet the practical needs of a teaching module. This is a bench mark for the quality of an engineering laboratory. 
Students’ efficiency and skills will be prevailed, as a result of laboratory work conducted in the laboratory. This is 
emphasized by outsiders, particularly the industry parties which continuously observe the skills quality shown by 
students during their practical training or when they start working. 'Hands-on' quality becomes an important part 
towards quality and competence graduate.  
According to Goetsch (2000) examination and test should be conducted on all equipments to be used and 
required in the process of teaching and learning. Dwolatzky et al. (1998) suggested that the view of teaching topics 
in areas such as power engineering, telecommunication and control network requires proper laboratory equipment. 
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The framework for developing intelligent laboratory management is an innovation to improve the laboratory 
management system which is being implemented now. 
3. Methodology 
The study was designed to employ Delphi study. The assumption of Delphi study is that appraisal done by a 
group is better than an indiviual decision. This is because it is a systematic approach which depends on experts 
opinion and consensus will obtained through few rounds of checking. The experts are from the same filed but must 
be independent. The researcher is actively communicating with the experts in the process of filtering the information 
to get to the consensus. In general, there are six steps in one round of Delphi study, after that it will repeat the same 
prosedure from step c to f :  
a. Group formation and assigning of individual to monitor the subject or issue being discussed. 
b. Selection of experts to be in the discussion group (expert group) with the same field. 
c. Development of interview protocol or open ended questionnaire which allow members of the panel to give 
their opinion on the issue or subject discussed. 
d. Checking the instrument for any confusion or unclear words or sentences. 
e. Administration of the first round interview or questionnaire distribution. 
f. Analysis the first round data to be used for development of the next round item in the questionnaire. 
g. Development of second round questionaire based on the first round input. 
h. Administration of the second round questionnaire 
i. Analysis of the second round  
j. Report writing 
 
     This study was undertaken to develop a laboratory management framework. Fifteen experts were identified to 
give the best idea by using the Delphi study. The first stage is to build structured questions as an interview protocol. 
Construction of the questions was based on a previous study on laboratory management. Then the process of 
harmonization towards the instrument was done by experts in the area of laboratory management. Three round 
Delphi study was carried out. The main objective was to achieve high agreement among the experts participating in 
the study in the process to identify key indicators of laboratory management. Furthermore, the finding in this phase 
of the study will be used to build questionnaire item to evaluate the level of laboratory management. 
In the first round of Delphi study researcher had interviewed every study participants to collect descriptive data 
(qualitative) on indicators of laboratory management. The Delphi’s findings in the first session became the basis to 
form item questionnaire that will be used in the second round. Next in the second round, experts reviewed each item 
by giving suggestions for improvement and agreed on the items of the instrument. Hence in the third round of 
Delphi study experts only give consent to the item that was analyzed without adding any new items. The purpose of 
this round is to bridge the gap of differences in opinion among the expert in Delphi study.  
4. Result 
To To develop a framework of good laboratory management, this study should examine the development of 
instruments item using the findings of experts’ consensus. A three-round Delphi study was conducted among 15 
experts. The first round of survey data analysis found a total amount of four main elements in laboratory 
management, which are documentation management, safety, environment and equipment. According to Stephen 
(1999) safety in the workplace / laboratory is a branch of management. It should be designed and planned in a way 
to reduce accident among employee or students. These findings were grouped into two, the staff and students 
accordingly to their themes. 
x The theme "Management of Laboratory has documented a total of 24 items indicator. 
x The theme of "Security Management" has a total of 22 items indicator. 
x The theme "Management of the laboratory environment" has 13 item indicators. 
x The theme “Management of laboratory equipment” has 10 item indicators. 
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As a whole, the item indicators were developed into two categories which are staffs and students which will be 
evaluated separately. The items later will be used to develop a computer based assessment system of laboratory 
management. 
5. Conclusion 
Overall, developing a framework in the laboratory management requires observation, analysis and clear 
understanding towards real scenario which implemented in the laboratory. A systematic monitoring and evaluation 
system should be developed using a standardize method such as Delphi study to ensure the comprehensiveness and 
fairness. This is important to ensure that the laboratory will provide best services for teachers, technicians and 
students for the usage in teaching and learning process. Adequacy of management will provide an enormous impact 
on students in terms of individual skills, practical and personality. Therefore always get ready attitude is a good 
attitude staffs and students should have to make laboratory as a safe place for knowledge and skills development. 
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